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MAP LIMITATIONS
This map is based on limited geologic and geotechnical data; site-specific investigations are required to produce
more detailed geotechnical information.  The map also depends on the quality of those data, which may vary
throughout the study area.  The boundaries of the areas shown as susceptible to piping and erosion are
approximate and subject to change as new information becomes available.  The susceptibility may be different
than shown at any particular site because of variations in the physical properties of geologic deposits within a
map unit, gradational and approximate map-unit boundaries, and the small map scale.  Localized areas of piping
and erosion susceptibility may exist throughout the study area, but their identification is precluded because of
limitations of map scale.  The map is not intended for use at scales other than the published scale, and is
designed for use in general planning and design to indicate the need for site-specific investigations.

This map shows the location of geologic units in the Zion National Park Geologic-Hazard Study Area that are
potentially susceptible to piping and erosion.  The map is intended for general planning and design purposes to
indicate where susceptible soil and rock exist and where special investigations should be required.  Site-specific
investigations can resolve uncertainties inherent in generalized mapping and help identify the need for special
design or mitigation techniques.  The presence of soil or rock susceptible to piping and erosion along with other
geologic hazards should be addressed in these investigations.  If a potential for piping and erosion is present at a
site, appropriate design and construction recommendations should be provided.

HAZARD REDUCTION
Although potentially costly when not recognized and properly accommodated in project design and construction,
problems associated with piping and erosion rarely are life threatening.  As with most geologic hazards, early
recognition and avoidance are the most effective ways to mitigate potential problems.  However, geologic units
susceptible to piping and erosion are widespread in the study area, and avoidance may not always be a viable or
cost-effective option.
In Utah, soil-test requirements are specified in chapter 18 (Soils and Foundations) of the 2009 IBC (International
Code Council, 2009a) and chapter 4 (Foundations) of the 2009 IRC (International Code Council, 2009b), which
are adopted statewide.  IBC Section 1803.3 contains requirements for soil investigations in areas where
questionable soil (soil classification, strength, or compressibility in doubt) is present.  IRC Section R401.4 states
that the building official shall determine whether to require a soil test to determine the soil’s characteristics in
areas likely to have expansive, compressible, shifting, or other unknown soil characteristics.  Where the presence
of soil or rock susceptible to piping or rapid erosion is confirmed, possible mitigation techniques include
minimizing disturbance of vegetated areas, controlling the flow of shallow ground water, and managing surface
drainage onsite in a controlled manner.

Soil susceptible to piping and erosion – Typically fine-grained, noncohesive, loose to poorly
consolidated sand, silt, and landslide deposits consisting of similar material.  For piping to develop, a
free face and percolating ground water are additional necessary requirements.
Rock susceptible to piping and erosion – Typically fine-grained, poorly consolidated siltstone,
mudstone, claystone, and landslide deposits consisting of such rock types.  For piping to develop, a
free face and percolating ground water are additional necessary requirements.

Piping refers to the subsurface erosion of permeable, fine-grained, unconsolidated or poorly consolidated
deposits by percolating ground water (Cooke and Warren, 1973; Costa and Baker, 1981).  Piping creates narrow,
subterranean conduits that enlarge both in diameter and length as increasingly more subsurface material is
removed and as the cavities trap greater amounts of ground-water flow.  Piping eventually leads to caving and
collapse of the overlying surficial materials, and is an important process in the headward extension of gullies in
the arid southwestern United States (Costa and Baker, 1981).
For piping to take place, the following conditions are required: (1) fine-grained, noncohesive or poorly
consolidated, porous materials, such as some silt and clay; fine sand; poorly consolidated, typically sandy
siltstone, mudstone, or claystone; and volcanic ash or tuff, (2) a sufficient thickness of susceptible material in
which pipes may form, (3) a sufficiently steep hydraulic gradient to cause ground water to percolate through the
subsurface materials, and (4) a free face that intersects the permeable, water-bearing horizon and from which the
water can exit the eroding deposit.  The walls of an incised stream channel commonly provide the necessary free
face, but human-made excavations such as canal banks or road cuts may also induce piping.  Parker and Jenne
(1967, in Costa and Baker, 1981) describe extensive damage to U.S. Highway 140 where it traverses dissected
and extensively piped valley fill along Aztec Wash in southwestern Colorado.  Christenson and Deen (1983)
reported piping at several locations in the St. George area.
The characteristics that make soil or rock susceptible to piping (fine-grained texture, little or no internal cohesion,
and loose or poor consolidation) are also typical of highly erodible materials.  Consequently, piping often
develops in and is an indicator of otherwise highly erodible deposits.  In southern Utah, most erosion occurs
during cloudburst storms and is caused by sheetwash and eventual channelization of runoff.  If disturbed, highly
erodible soil or rock become even more susceptible to erosion, particularly when stabilizing vegetation is
removed.
Utah Geological Survey geologic maps (see Sources of Information section in accompanying text) show that fine-
grained, noncohesive, loose sand and silt deposits are present in many areas of the Zion National Park Geologic-
Hazard Study Area.  They include eolian, alluvial, and lacustrine deposits, and mixed-unit geologic deposits that
contain a high percentage of wind-blown sand derived from the weathering and erosion of sandstone bedrock
that crops out in the study area.  Poorly consolidated, often highly weathered, fine-grained bedrock units also
crop out over portions of the study area.
For additional information about piping and highly erosive soils in the Zion National Park Geologic-Hazard Study
Area, refer to the Problem Soil and Rock Hazards chapter in this report.
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